Process for Pre-Treating 
Cellulosic Fibers and Cellulosic Fiber Blends 



CROSS REFERENCE TO RELATED APPLICATION 



This application claims the benefit of U.S. Provisional Application No. 
60/ filed December 21, 1999. 

FIELD OF THE INVENTION 

The present invention is directed to a new process for pre-treating 
cellulosic fibers and cellulosic fiber blends with synthetic fibers, eliminating the 
need for rinses or significantly reducing the amount of rinsing necessary. 

BACKGROUND OF THE INVENTION 



A typical example of the preparation for dyeing of 100% cotton materials 
includes: 

Exhaust Procedure: 

a) bath composition 



0.5-2.0 g/l 
0.3-0.6 g/l 



Wetting Agent/Detergent: 
Peroxide Stabilizer: 



1 .5-3.0 g/l Caustic Soda (1 00%) 



nonionic and/or anionic 
surfactants 

organo-phosphate based 
(e.g., diethylenetriamine 
pentamethylene 
phosphonic acid 
(DTPMP)) and/or 
amino-organic acid based 
(e.g., diethylenetriamine 
pentaacetic acid (DTPA)) 
and/or 

polyacrylic acid based 
and/or organic acid based 
(e.g., sodium salt of 
gluconic Acid) and/or 
silicate based and/or 
earth alkaline salts (e.g., 
MgCI 2 ) 



1 .5-3.0 g/l Hydrogen Peroxide (1 00%) 
b) typical application: 

Cellulosic material is loaded into an exhaust dyeing machine or 
apparatus (e.g., Jet Dyeing machine, winch, package machine, beam 
etc.). The machine is filled with water and possibly with a wetting agent to 
produce a bath before a material load is introduced to the machine. The 
water amount is typically calculated based on the weight of the material 
load and expressed in a liquor ratio. A typical liquor ratio is 1:10, or for 
1kg fabric, 101 liquid are used. 

Subsequent to loading the machine, the remaining chemicals are 
added and the resulting bath is heated to a suitable temperature, typically 
98°C-1 10°C. Depending on the construction of the machine/apparatus, 
material and/or liquor is moved to ensure homogeneous and efficient 
pretreatment. 

The bath is then cooled and dropped, or drained, after a treatment 
time of 1 5-30 min. Multiple rinses and/or overflow washes of the 
cellulosic material are necessary to remove impurities and especially 
residual alkalinity in the material that otherwise would harm or interfere 
with the effectiveness of subsequent processes. 

Alkalinity, typically provided by caustic soda, is considered 
necessary to activate the oxidizing component, hydrogen peroxide, and to 
saponify waxes and other fatty based cotton byproducts allowing easier 
removal of these impurities. This process of pre-treating cellulosic 
material is commonly referred to as a bleaching cycle that occurs prior to 
the dyeing of the material. 
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SUMMARY OF THE INVENTION 
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The present invention is a process for pre-treating a cellulosic, or cellosic 
blends with synthetic fiber, substrate. In a most basic form, the invented pre- 

5 treating process of cellulosic, or cellulosic blends, substrate is a bleaching cycle 
comprising the steps of: providing a vessel; providing the cellulosic, or their 
blends with synthetic fiber, substrate; providing a water bath; adding an active 
amount of an activating compound selected from the group of: salts of organic 
acids, organic amine derivatives, transitional metals, transitional metal salts and 

10 transitional metal complexes, pigments and combinations thereof; adding an 
active amount of caustic soda; adding an active amount of hydrogen peroxide 
during the bleaching cycle; achieving a pH from about 6.0 to about 9.0 at the 
end of the bleaching cycle pretreatment process; heating the water bath to a 
temperature in excess of 50 degrees centigrade for a pre-determined period of 

is time; and, dropping the bath. 

DESCRIPTION OF THE INVENTION 

The present invention is an innovative and novel process and 
20 composition for pre-treating a ceiiuiosic, or ceiluiosic biends with synthetic fiber, 
substrate that eliminates or greatly reduces the need for rinses. The invented 
process is ideally used as a pre-treatment process of cellulosic, or cellulosic 
blended fibers or materials, prior to dyeing the same. Using the invented 
process, significant amounts of water, waste-water, energy, and process time 
25 are saved. Furthermore, the invented process affords additional machine 
capacity. 

In the invented process and composition, significant amounts of alkali that 
are normally used in conventional processes are replaced by alternative 
30 chemicals and chemical systems leading to a well prepared cellulosic, or 
cellulosic blends with synthetic fiber, substrate (e.g., cotton) that does not 
require rinsing after a bleach application. This can be achieved due to a 

3 



Atl^^y's Docket 1999US001 

resulting neutral or nearly neutral final pH and sufficient cleanliness of the 
prepared goods. The cleanliness is indicated by a degree of water absorption 
and whiteness as well as by visual aspect (removal of seeds) of the bleach 
goods. 



Alternatives to a commonly used alkali caustic soda include but are not 
limited to: alkali salts of organic acids, preferably Trisodiumcitrate; transition 
metal salts and complexes, preferably Copper salts and complexes; organic 
activators, preferably Urea, Dicyandiamid or Tetraacetylethylenediamine, Acetyl 
Caprolactam; pigments, preferably pigmented Sulfur Black 1 with a particle size 
less than 150|im or Titanium Dioxide with a particle size less than 150jam; and, 
combinations thereof. 



If used within pre-determined parameters, described in greater detail 
hereinafter, none to a very acceptable degree of damage of cellulosic, or 
cellulosic blends with synthetic fiber, substrate is expected. Use of earth- 
alkaline salts, preferably Mg salts (e.g., MgS0 4 ) have a stabilizing function. For 
example, the earth-alkaline salts prevent premature and uncontrolled destruction 
of hydrogen peroxide that could lead to insufficient bleach results and fiber 
damage. 

The present invention is a process for pre-treating a cellulosic, or 
cellulosic blends with synthetic fiber, substrate having the steps of: providing a 
vessel; providing the cellulosic, or cellulosic blends with synthetic fiber, 
substrate; providing a water bath; adding an active amount of an activating 
compound selected from the group of: salts of organic acids, organic amine 
derivatives, transitional metals, pigments with a particle size less than 150|am, 
and combinations thereof; adding an active amount of caustic soda; adding an 
active amount of hydrogen peroxide during a bleaching cycle; achieving a pH 
from about 6.0 to about 9.0 at the end of the bleaching cycle; heating the water 
bath to a temperature in excess of 50 degrees centigrade for a period of time; 
and dropping the bath. 
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When the activating compound is a salt of an organic acid, some 
examples that have been found to work well include, but are not limited to: 
sodium salts of citric acid; sodium stearate; sodium salts of gluconic acid; 

5 sodium oleate; potassium salt of citric acid; potassium stearate; potassium salt 
of gluconic acid; potassium oleate; ammonium salts of citric acid; ammonium 
stearate; ammonium salts of gluconic acid; ammonium oleate; and, 
combinations thereof. Preferably about 0.2 to about 5.0% based on the weight 
of the substrate, hereinafter referred to as "owg", of the salt of an organic acid is 

10 used. 

When the activating compound is an organic amine derivative, some 
examples that have been found to work well include, but are not limited to: urea; 
dicyandiamid; tetra-acetyl-ethylene-di-amine; acetyl-caprolactam; and, 
is combinations thereof. Preferably about 0.2 to about 5.0% owg of the organic 
amine derivative is used. 

When the activating compound is a transitional metal salt or complex, 
some examples that have been found to work well include, but are not limited to: 
20 copper gluconate; copper sulfate; copper acetate; copper carbonate; copper 
citrate; copper nitrate; copper EDTA; copper complexes; and, combinations 
thereof. When Copper compounds are used as the transitional metal salt or 
complex, preferably about 0.1 to about 10ppm based on the weight of the bath, 
hereinafter referred to as "owb", based on the element Copper is used. 

25 

When the activating compound is a pigment, some examples that have 
been found to work well include, but are not limited to: pigmented Sulfur Black 1 
with a particle size less than 150jam; fully pre-oxidized sulfur dyes, such as 
Diresul Black 4G-EV or Titanium Dioxide and, combinations thereof. Fully pre- 
30 oxidized sulfur dyes or Titanium Dioxide are preferably selected because the 
bleach-white base as well as the visual white appearance of the substrate is 
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synergistically improved by the use thereof. Preferably about 1 to about 200ppm 
owb of pigment is used. 

When caustic soda is added, from about 0.1 to about 1.0% owg is 
5 preferably used. When hydrogen peroxide is added, the amount depends on 
the desired whitening effects but preferably ranges between about 0.5 to about 
5.0% owg. 

In the invented process for pre-treating a cellulosic, or cellulosic blends 
10 with synthetic fiber, substrate, the water bath is preferably heated to a 

temperature ranging from about 80 degrees centigrade to about 140 degrees 
centigrade. The substrate is held within this temperature range for a period 
ranging from about 0.5 second to about one hour. In an alternative procedure, a 
temperature point may be p re-determined, and the bath heated until such point 
15 is reached. Then the bath is simply cooled. In this alternative procedure, the 
length of time in the temperature range would be greater than 0.5 seconds. 

In the invented process, an active amount, for example from about 0.1 to 
about 1.5% owg, of a wetting and/or scouring compound is optionally used. An 

20 example of a wetting agent is an ethoxyiated and/or propoxylated fatty alcohol, 
and an example of a scouring agent is an ethoxyiated and/or propoxylated fatty 
alcohol. While this type of scouring or wetting agent has been found to perform 
well, many other types of conventional scouring or wetting agents may also be 
employed. An active amount, for example from about 0.1 to about 1.5% owg, of 

25 a peroxide stabilizing compound is preferably added to the bath. Examples of 
peroxide stabilizing agents include, but are not limited to: organo-phosphate 
based agents (e.g., Diethylenetriamine penta(methylene phosphonic acid)); 
amino-organic acid based agents (e.g., Diethylenetriamine pentaacetic acid); 
organic acid based agents (e.g., Sodium salt of Gluconic Acid); polyacrylic acid 

30 based agents; earth alkaline salts (e.g., Mg +2 salts); and, combinations thereof. 
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In the invented process for pre-treating cellulosic, or cellulosic blends with 
synthetic fiber, substrate, achieving a near neutral pH enables a reduction or 
elimination of the need for subsequent water baths. During the invented 
process, the bath starts with a slightly alkali pH. As the invented process 
progresses, a pH of about 6.0 to about 9.0, and preferably from about 6.5 to 
about 8.5, is achieved. 



EXAMPLES 



Typical examples for the new process are: 

1kg of 100% cotton knit material was loaded in a laboratory jet-dyeing 
machine. The machine was filled with water, non-foaming wetting 
agent/detergent before the load. Chosen liquor ratio was 1:10 such that 101 
treatment liquor were used. Subsequent to loading the machine remaining 
chemicals were added and bath was heated up to 1 10°C (4°C/min). Treatment 
time at this temperature was 20 minutes followed by a cooling phase to 75°C 
(4°C/min). Finally, the bath was dropped and the fabric was centrifuged, dried 
and analyzed. 

In a production process, the bath would be refilled after the drop, and a 
peroxidase (cataiase) (enzymaiic peroxide eliminator) would be added to 
remove residual peroxide. The subsequent process (e.g., dyeing) can start in 
the same bath. 

Formulas for the treatment bath (concentrations in % on the weight of the 
substrate (owg) if not stated otherwise): 



TABLE 1 


1 


2 


3 


4 


5 


Untreated 
goods 


Non-foaming scouring/wetting agent 


0.7 


0.7 


0.7 


0.7 


0.7 




Peroxide Stabilizer 


0.5 


0.5 


0.5 


0.5 


0.5 




Trisodium Citrate 


2 


2 


1 








Copper Gluconate (ppm Cu owb) 




0.8 










Urea 






5 








Hydrogen Peroxide (50%) 


3 


3 


3 


3 


3 




Caustic Soda (50%) 


0.4 


0.4 


0.3 


4 


0.4 


















Initial Ph of bath 


10.5 


10.2 


9.7 


11.5 


10.1 




Final Ph of bath 


7.9 


7.2 


7.8 


10.5 


7.9 
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Treatment 4 (Table 1) represents a typical prior art bleach. A final pH of 
10.5, such as in the prior art bleach of Treatment 4 (Table 1), requires multiple 
rinses. Treatment 5 (Table 1) represents a low alkali pretreatment without any 
activator. The following results, shown in Table 2, demonstrate that the 
presence of various activators allows bleaching with an excellent level of 
absorbency and a suitable level of clearness while using significantly lower 
amounts of alkali than conventional processes. 
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TABLE 2 - Results for different fabric styles: 
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a) 100% cotton interlock knit 

b) 100% cotton haring-bone knit 

c) 100% cotton jersey knit 



Results of Treatment Nos. from 
i auie i . 


1 


2 


3 


4 


5 


Untreated 

yuuua 


r auric a. 


MG 1-2 


MG 1*3 




MG 1-1 






vvnueness ^ic; 


OH 






1 U 




7 


Visual Cleanliness (Seeds, etc.) 


Very 
clean 


Very 
clean 




Very 
clean 




Not 

clean 


Water drop absorbency 


Very 
high 


Very 
high 




High 




None 


Burst Strength (Ibs./in*) 


124 


115 




124 




137 


Average degree of polymerization 

P\A/M mothnrl 


oUUU 






OUUU 




oUUU 


raDrlC D. 


EK 19-2 


EK 19-4 


EK 19-3 


EK 19-1 


EK 30-1 




Whiteness (CIE) 


60 


66 


63 


72 


54 


8 


Visual Cleanliness (beeas, etc.) 


very 
clean 


very 
clean 


Very 
clean 


Very 
clean 


INOI 

clean 


INOt 

clean 


Water drop absorbency 


Very 
high 


Very 
high 


Very 
high 


riign 


None/ 
Low 


None 


Average degree of polymerization 
twiM-mexnoa 




zzUU 




zyuu 




OUUU 


Fabric c: 


EK 19-2 


EK 1 9-4 


EK 19-3 


EK 19-1 






Whiteness (CIE) 


61 


69 


64 


71 




28 


Visual Cleanliness (Seeds, etc.) 


Very 
clean 


Very 
clean 


Very 
clean 


Very 
clean 




IN OX 

Clean 


Water drop absorbency 


\ /ah , 

Very 
high 


Very 
high 


Very 
high 


High 




None 


Average aegree ot poiymenzaxion 
EWN-method 


ZDUU 


9^nn 
zouu 


9finn 


97nn 






Fabric d: 


EK 19-2 


EK 19-4 


EK 19-3 


EK 19-1 






Whiteness (CIE) 


57 


66 


62 


68 






Visual Cleanliness (Seeds, etc.) 


Very 
clean 


Very 
clean 


Very 
clean 


\J&r\f 

- — • j 

clean 




Not 
Clean 


Water drop absorbency 


Very 
high 


Very 
high 


Very 
high 


High 




None 


Average degree of polymerization 
EWN-method 


2700 


2300 


2500 


2700 




Est. 3000 



Average value of polymerization (DP): 



< 1800 


Poor 




1800-2000 


Good 


Depending on greige fabric DP 


2000-2400 


Very good 


> 2400 


Excellent 





(concentrations in % owg if not stated otherwise) 
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TABLE 3 


MG 11-7 


MG 11-2 


MG 11-3 


MG 11-4 


Non-foaming 

scouring/wetting 

agent 


0.7 


0.7 


0.7 


0. / 


Peroxide Stabilizer 


O.o 


O.o 


O.o 


0.D 


Trisodium Citrate 




2 






Tetra Acetyl Ethylene 
Diamine (TAED) 








1 


Hydrogen Peroxide 

(507b) 


3 


3 


3 


o 


Caustic Soda (50%) 


4 


0.4 


0.4 


1( ) 












Treatment Time at 
hoc (mm.) 


15 


15 


15 


15 












Initial pH of bath 


12.0 


11.0 


10.7 


11.0 


Final pH of bath 


11.0 


"7 O 

7.8 


*7 O 

7.3 


I A 












Results on 100% 
cotton interlock knit: 




















Whiteness (CIE) after 
treatment 


72.7 


57.9 


54.7 


65.9 


Hydrophilicity 


High 


Very high 


poor 


Very high 



(*) more alkali was used to compensate for the acid nature of TAED. Final pH 
was still in a range where nearly all cotton dye-procedures can be started without the 
5 need for prior rinses. 

Treatment MG 11-7 (Table 3) represents a typical prior art bleach. The 
final pH of 1 1 .0 of the prior art bleach (Treatment MG 1 1-7, Table 3) requires 
multiple rinses. Treatment MG 11-3 (Table 3) represents a bleach without the 

io addition of any described activating compounds. Treatment MG 11-3 (Table 3) 
expectedly yields unacceptable whiteness and absorbency levels. The addition 
of activating compound Trisodium Citrate (Treatment MG 11-2, Table 3) and 
Trisodium Citrate plus Tetra Acetylen Ethylene Diamine (Treatment MG 11-4, 
Table 3) results in a preparation of cotton substrate in accordance with the 

15 present invention that is suitable for subsequent dyeing operations without 
additional rinse requirement. 
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Formulas for the treatment bath (concentrations in % owg if not stated 
otherwise): 



TABLE 4 


1 


2 


3 


4 


5 


6 


7 


8 


9 


Non-foamina 

scouring/wetting 

agent 


0.7 


0.7 


0.7 


0.7 


0.7 


0.7 


0.7 


0.7 


0.7 


Peroxide Stabilizer 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


Trisodium Citrate 


2 


1.5 


2 


2 


1.5 


1.5 




2 




Copper Gluconate 
(ppm Cu owb) 


0.5 


0.5 












0.8 


0.5 


Sulfur Black 1 (ppm 
owb) 


5 


5 




5 


5 








5 


Hydrogen Peroxide 
(50%) 


3 


3 


3 


3 


3 


3 


3 


3 


3 


Caustic Soda (50%) 


0.4 


0.4 


0.4 


0.4 


0.4 


0.4 


4 


0.4 


0.4 






















Treatment Time at 
110°C (min.) 


30 


30 


30 


30 


30 


30 


30 


30 


30 






















Initial dH of bath 


10.4 


9.7 


9.7 


9.7 


9.7 


9.7 


11.0 


9.7 


10.0 


Final pH of bath 


6.9 


6.9 


7.2 


7.3 


7.6 


7.5 


10.5 


7.0 


6.9 






















Rp«;iHual Hvdronpn 

Peroxide (%) 


43 


43 


69 


75 


75 


70 


75 


34 


46 






















Results on 100% 
cotton interlock knit: 








































Whiteness (CIE) after 
treatment 


66.9 


66.5 


60.3 


61.2 


59.4 


60.4 




67.7 


67.6 


Whiteness (CIE) after 
one rinse with water 


68.6 


65.8 


60.6 


62.8 


61.3 


60.7 


73.4 


67.5 


69.0 


Comments 




















Hydrophilicity 


Very 
high 


Very 
high 


High 


Fair 


Fair 


High 


High 


Very 
high 


Very 
high 



Treatment 7 (Table 4) represents a typical prior art bleach. The final pH 
of 10.5 of Treatment 7 (Table 4) requires multiple rinses. All other treatments in 
accordance with the present invention, shown in Table 4, demonstrate sufficient 
preparation for most dye processes without the need for rinsing. The addition of 
Sulfur Black 1 (Treatment 4, Table 4) has improved whiteness levels in 
comparison to the sole use of Trisodium citrate (Treatment 3, Table 4). Further 
addition of copper gluconate (Treatments 1,2,8 and 9, Table 4) enhances 
whiteness more and creates a very absorbent substrate. The hydrogen 
peroxide utilization increases significantly with the use of copper gluconate. 

n 
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(concentrations in % owg if not stated otherwise) 



TABLE 5 


SS-3-13-1 


SS-3-13-2 


SS-3-13-3 


SS-3-13-4 


Non-foaming 
scouri no/we tti no 
agent 


0.7 


0.7 


0.7 


0.7 


Peroxide Stabilizer 


0.5 


0.5 


0.5 


0.5 


Trisodium Citrate 


2 


2 


2 


2 


CoDDer Gluconate 
(ppm Cu owb) 




0.5 


0.5 




Sulfur Black 1 (ppm 
owb) 






5 


5 


Hydrogen Peroxide 
(50%) 


3 


3 


3 


3 


Caustic Soda (50%) 


0.4 


0.4 


0.4 


0.4 












Treatment Time at 
110°C (min.) 


30 


30 


30 


30 












Initial pH of bath 


10.4 


9.8 


9.8 


9.9 


Final nH of hath 

1 ill CI 1 yjl 1 \Jl k/CILM 


7.4 


7.0 


7.2 


7.6 












Residual Hydrogen 
Peroxide (%) 


65 


51 


36 


68 












Results on 100% 
cotton interlock knit: 




















Whiteness (CI E) after 
treatment 


57.1 


59.7 


63.2 


58.6 


Hydrophilicity 


High 


Very high 


Very High 


Fair 



5 The addition of Sulfur Black 1 (Treatments SS-3-13-3 and SS-3-13-4, 

Table 5) in accordance with the present invention improves whiteness levels. 
Addition of copper gluconate (Treatment 2, Table 5) in accordance with the 
present invention enhances whiteness more and creates a very absorbent 
substrate. The combination of Sulfur Black 1 and copper gluconate 

10 demonstrates optimized conditions (Treatment SS 3-13-3, Table 5). 
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(concentrations in % owg if not stated otherwise) 



TABLE 6 


EK-4-87-1 


EK-4-87-2 


EK-4-87-3 


Non-foaming 

scouring/wetting 

agent 


0.7 


0.7 


0.7 


Peroxide Stabilizer 


0.5 


0.5 


0.5 


Trisodium Citrate 


2 


2 


2 


Copper Gluconate 
(ppm Cu owb) 




0.5 




Titanium Dioxide 
(ppm owb) 






1 


Sulfur Black 1 (ppm 
owb) 


c 
O 






Hydrogen Peroxide 

\0\J /o ; 


o 
o 


Q 


o 
o 


Caustic Soda (50%) 


0.4 


0.4 


0.4 










__ 

Treatment Time at 
110°C (min.) 


on 
zU 


zU 


on 
zu 










Inifiol r\l— 1 r\f Koth 

initial pn ot Dam 


in 7 

I U. i 


1 n a 


I U.*f 


Final pH of bath 


8.3 


7.4 


8.2 










Results on 100% 
cotton interlock knit: 
















Whiteness (CIE) after 
treatment 


59.6 


62.4 


62.1 


Hydrophilicity 


Poor 


Very high 


Poor 



As previously mentioned hereinabove, the addition of Sulfur Black 1 in 
accordance with the present invention improves whiteness levels. As shown by 
Treatments EK-4-87-1 (Table 6) and EK-4-87-3 (Table 6), replacement of 5 ppm 
Sulfur Black 1 pigment with 1 ppm Titanium Dioxide pigment enhances 
whiteness further in accordance with the present invention. 
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(concentrations in % owg if not stated otherwise) 



TABLE 7 


EK-4-90-1 


EK-4-90-2 


EK-4-90-3 


EK-4-90-4 


Non-ioaminy 

scouring/wetting 

agent 


n 7 

U. ( 


n 7 

u. / 


n 7 

U. f 


n 7 

U. / 


Peroxide Stabilizer 


0.5 


0.5 


0.5 


0.5 


i nsoQium o urate 


z 




O 
£. 


Z 


Copper Gluconate 
^ppm owdj 


U.D 


U.O 


U.O 


U.O 


Titanium Dioxide 
^ppm owd) 




2.5 


5 


3.3 


ouiiur DiacK i ^ppm 

OWUj 


o 


Z.O 




1 7 


nyuruyen rciUAiuc 


o 


o 


o 


o 


Caustic Soda (50%) 


0.4 


0.4 


0.4 


0.4 












i reaimeni i ime ai 
110°C (min.) 




zu 
















Initial nH nf hath 

IlllUdl 1 1 Ul L/dLI 1 


10 4 


10.2 


10.2 


10.5 


Final pH of bath 


7.4 


7.6 


7.8 


7.6 












Results on 100% 
cotton interlock knit: 




















Whiteness (CIE) after 
treatment 


65.2 


65.9 


67.9 


67.2 


Hydrophilicity 


Very high 


Very high 


Very high 


Very high 



Replacement of Sulfur Black 1 pigment (Treatment EK-4-90-1, Table 7) 
with Titanium Dioxide pigment (Treatment EK-4-90-3, Table 7) enhances 
whiteness levels. All treatments in accordance with the present invention, as 
shown in Table 7, result in perfectly prepared cotton substrates. 
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1 ABLE o 






C r\-*l-yO-D 






Non-foaming 

scouring/wetting 

agent 


0.5 


n c 

U.O 


n c 
U.5 


n c 
U.O 


n c 
U.o 


Peroxide Stabilizer 


0.7 










Sodium Gluconate 
(60%) 




U.2 


n 0 
U.Z 


n 0 
U.Z 


n 0 
U.Z 


Trisodium Citrate 




0.5 


n c 
0.5 


n c 
U.5 


n k 
U.O 


h A *mO S\ w O L_J /"N 

MgS04 X 6 H2O 




n oc 
0.25 


n ic 

0.25 


n oc 
U.2o 


n ok 
U.ZD 


Sulfur Black 1 
(ppm owb) 




8 






2.2 


Titanium Dioxide 
(ppm Ti owb) 






y| A 

4.4 


A O O 
1 0.2 


Q Q 
O.O 


Copper Gluconate 
(ppm Cu owb) 




0.54 


0.54 


0.54 


0.54 


Urea 




n 0 
U.Z 


U.Z 


u.z 


n 9 
u.z 


Hydrogen Peroxide 

/cno/ \ 
(OUvo) 


0 


Q 
O 


0 


Q 


0 


uaustic ooaa (ou/oj 




U.O 


n ft 

U.O 


n ft 

U.O 


n ft 

U.O 














Treatment Time at 
1100 (mm.) 


20 


on 
2U 


on 
2U 


on 
ZU 


on 
ZU 














Initial pH of bath 


12.0 


AAA 
1 1 .4 


11 .2 


1 1 .U 


1 1 .U 


rinai pri 01 uain 


I I .u 


ft 'K 
0.0 


ft ^ 
0.0 


ft ^ 

0.0 


ft ^ 

0.0 














Results on 100% 
cotton interlock knit: 
























Whiteness (CIE) after 
treatment 


70.7 


59.6 


62.7 


62.7 


62.3 


Hydrophilicity 


High 


Very high 


Very high 


Very hiqh 


Verv hiah 



Treatment EK-4-95-1 (Table 8) represents a typical prior art bleach. The 
final pH of 11.0 of Treatment EK-4-95-1 (Table 8) requires multiple rinses. All 
other treatments in accordance with the present invention shown in Table 8 lead 
to highly acceptable preparation results without the need for rinsing. 
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